Antioxidants have recently attracted considerable attention in the fields of food, pharmaceuticals, and cosmetics because there is overwhelming evidence concerning the importance of reactive oxygen/nitrogen species related to aging and pathogenesis.
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The L-ascorbic acid concentration in beverages was measured after separation by silica gel thin layer chromatography (TLC) by visually determining the time in autocatalytic reaction for the L-ascorbic acid spot to turn the same yellow color of the background and disappear (the end time of the induction period) after spraying the slide with a 3,6-dihydroxyxanthane solution. There was a good linear relationship between the end time of the induction period and the concentration of L-ascorbic acid for concentrations in the range of 5.0 -20 mM (r 2 = 0.9944). In addition, there was a good relationship expressed by a quadratic equation in the concentration range of 0.1 -5.0 mM (r 2 = 0.9975). The relative standard deviations of the L-ascorbic acid values for 3 beverages (2.2 -8.6 mM) were less than 5% (n = 5), and the recovery of 5.0 mM L-ascorbic acid from 4 beverages (0.7 -7 mM) was 97 -110%. A good correlation was also observed between the L-ascorbic acid values of 23 beverages (0 -86 mM) determined by the proposed TLC method and the colorimetric method contained in a commercially available kit for L-ascorbic acid (r 2 = 0.9945). Preparation of standard and sample solutions L-Ascorbic acid was directly dissolved in a degassed 1.5% metaphosphoric acid solution to form a 20 mM solution and immediately used after appropriate dilution with the same solution. A 1.0 mM L-ascorbic acid standard solution was evaluated by the colorimetric method using a kit for the colorimetric analysis of L-ascorbic acid and the factor of the standard solution was calculated. For carbonated drinks, they were analyzed after degassing by sonication for 30 s and/or appropriate dilution with a degassed 1.5% metaphosphoric acid solution.
Determination procedure for L-ascorbic acid by TLC
Using a micropipette, a solution of L-ascorbyl dipalmitate (3 mg mL -1 in ethyl acetate/methanol = 9:1, v/v; each 5 μL) was spotted on a silica gel TLC plate (80 mm length). After drying, 2.0 μL each of the sample and the L-ascorbic acid standard solution was spotted where the L-ascorbyl dipalmitate solution was spotted. After drying under reduced pressure, the TLC plate was then developed with chloroform/methanol/H2O/ triethylamine/acetic acid (9.5:3.0:0.5:0.5:2.0, v/v/v/v). After drying again under reduced pressure, the plate was uniformly sprayed with a 3,6-dihydroxyxanthane spray solution (15 mg/24 mL in a 10% glycerol-ethanol:methyl octanoate:H2O solution (20:2:2, v/v/v)). The plate was then dried for 10 -15 s by air blowing and placed in a glass petri dish (185 mm in diameter) to prevent the entire plate from drying out. Under photo irradiation (approximately 3000 lux) using a 12 W round fluoresent lamp, the color development on the TLC plate was recorded using a video camera. By replaying the video, the induction period was determined as the time when the L-ascorbic acid spot disappered by turning the same color as the yellow background. For the determination of the L-ascorbic acid concentration in the samples, a calibration graph was prepared at the same run by spotting each 2 μL of standard solution (0.1 -20 mM) and the approximate expression equations were calculated by using software of Microsoft Office Excel 2010.
Development of the absorbance of methyl linolate hydroperoxide by photocatalytic reaction
To eight wells of a 96-well plate, 75 μL each of a mixture of diethyl succinate:methyl octanoate:methyl linolate (3:2:1, v/v/v), 15.9 mM of a 3,6-dihydroxyxanthane solution, and 1.06 mM of a 6-hydroxy-3-fluorone solution were added. The plate was allowed to stand with and without fluorescent photo irradiation (1150 lux) at room temperature. At several intervals, the color development was measured using a microplate reader equipped with a 490 nm filter. At the same time, an aliquot of each solution was diluted to 1/40 using chloroform:methanol (1:1), and then the concentration of methyl linolate hydroperoxide in each solution was determined by the DPPP HPLC-post column system.
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Results and Discussion
The oxidation reaction of 3,6-dihydroxyxanthane Colorless 3,6-dihydroxyxanthane was oxidized to yellow 6-hydroxy-3-fluorone (λmax = 504 nm in ethanol). 25 
Figure 2
shows the color development of 3,6-dihydroxyxanthane with and without fluorescent photo irradiation (1150 lux). Under photo irradiation, the absorbance at 490 nm rapidly increased after an induction period. On the other hand, almost no increase in the absorbance was observed in the dark. This result indicated that the oxidation of 3,6-dihydroxyxanthane was accelerated by photo irradiation. Figure 3 shows the development of the methyl linolate hydroperoxide concentration in the same reaction system. The hydroperoxide concentration barely changed in the dark independently of the presence of the reagents. In the absence of any reagents, the hydroperoxide concentration also remained unchanged under photo irradiation conditions. However, under photo irradiation conditions in the presence of 3,6-dihydroxyxanthane, the hydroperoxide concentration rapidly increased after an induction period similar to that observed for the color development, while in the presence of 6-hydroxy-3-fluorone, the hydroperoxide concentration linearly increased without any induction period probably due to the constant active oxygen formation under photo-irradiation conditions. These results indicated that 6-hydroxy-3-fluorone accelerated the oxidation reaction of both 3,6-dihydroxyxanthane and methyl linolate under photo irradiation conditions, probably due to the photosensitizing effect of the 6-hydroxy-3-fluorone. 27 Because there was an induction period before the hydroperoxide concentration rapidly increased in the presence of 3,6-dihydroxyxanthane, it can be concluded that 3,6-dihydroxyxanthane itself does not exhibit photosensitizing activity. Therefore, the oxidation system of 3,6-dihydroxyxanthane to 6-hydroxy-3-fluorone seems to be an autocatalytic reaction system. Figure 4 shows the color development of the 3,6-dihydroxyxanthane solution containing different amounts of butylated hydroxytoluene (BHT) as an antioxidant. The induction period was dose dependently elongated by the addition of BHT. A similar effect was also observed with other antioxidants, such as tocopherols and gallates. These results can be attributed to the inhibition of the oxidation of 3,6-dihydroxyxanthane to 6-hydroxy-3-fluorone by the antioxidants. 
Detection of antioxidants on a TLC plate
The results of spotting tests for certain compounds, such as amino acids, sugars, organic acids, polyphenols, and L-ascorbic acid, on a silica gel TLC plate are compiled in Table 1 . Here 5 μL of 10 mM sample solutions was spotted on a silica gel TLC plate, followed by spraying with a 3,6-dihydroxyxantane solution and photo-irradiation (5000 lux) for 20 min. It was possible to detect antioxidants as white spots, which did not change color due to inhibition of the oxidation reaction, against the yellow background of the silica gel TLC plate after spraying and photo-irradiation. On the other hand, most amino acids, sugars, and organic acids were not detected at all.
The white spots of the antioxidants disappeared after several minutes of photo-irradiation, probably due to their consumption. Since the time was elongated because of the increased amount of antioxidants when the spots disappeared, it seems possible to determine the amount of L-ascorbic acid in beverages on the basis of the time it takes for a TLC spot to disappear (the induction period).
Separation and determination of L-ascorbic acid by silica gel TLC
Before performing the analysis of the L-ascorbic acid concentration, it is necessary to separate it from other antioxidants, such as polyphenols, that are also present in beverages, because they should also show up as white spots. Typically, relatively large amounts of catechins are contained in beverages such as teas, fruit juices, and vegetable juices. By using a mixture of chloroform/methanol/H2O/triethylamine/ acetic acid (9.5:3.0:0.5:0.5:2.0, v/v/v/v) to develop the TLC plates, it was found that L-ascorbic acid gave a round spot at an Rf = 0.52, while the Rf values of selected catechins were different: 0.59 (catechin), 0.68 (epicatechin), 0.21 (epicatechin gallate), 0.45 (epigallocatechin), 0.34 (epigallocatechin gallate), 0.38 (gallocatechin gallate), and 0.21 (catechin gallate). Thus, it was determined that the catechins should not have any influence on the measurement of the L-ascorbic acid concentration.
To prevent oxidation of L-ascorbic acid in the samples after spotting on the silica gel TLC plate, an excess of the L-ascorbyl dipalmitate solution was spotted prior to sample spotting. L-Ascorbyl dipalmitate developed at the solvent front and was perfectly separated from L-ascorbic acid. Using this procedure, the detection limit and reproducibility were improved. The oxidation of L-ascorbic acid on a TLC by oxidants might be minimized by the dilution effect of L-ascorbic acid by its dipalmitate.
Although changes at the initial stage, and then equilibrated to almost constant.
Determination of L-ascorbic acid in juices and beverages
The relative standard deviations of the L-ascorbic acid concentrations determined by the present method (n = 5) were within 5%, as shown in Table 2 . The error in the values may be derived from the positions and amounts of the samples spotted, localized differences in the concentrations of the sprayed reagents, and visual determination of the induction periods. To determine the error associated with visual determination, the L-ascorbic acid concentration in 8 sample beverages was independently determined by seven individuals who reviewed the same video data, including the calibration data, and the results are listed in Table 3 . The relative standard deviation of each sample was within 7% in this case. The recovery of L-ascorbic acid from four beverages ranged from 97 to 110% (Table 4) . These results indicate that the proposed method is a viable method for the determination of the L-ascorbic acid concentration without the influence of other components.
As can be seen in Fig. 6 , there also was a good correlationship between the L-ascorbic acid values deteremined for 23 beverages (0 -86 mM) by the proposed TLC method and the colorimetric method from a commercially available kit for L-ascorbic acid analysis (r 2 = 0.9945). The sample beverages consisted of 7 teas, 5 fruit juces, 3 fruit and vegetable mixed juces, and 8 other beverages.
The presence of other compounds, such as chatechins, in the sample beverages did not interfere with the determination of the L-ascorbic acid concentration. The F-kit colorimetric method used here was based on the reduction of 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide to fromazan by reducing substances such as L-ascorbic acid. 28 In the colorimetric method, the reference sample, in which L-ascorbic acid was removed by maually stirring the ascorbate oxidase with a spatula, was also measured for the specific determination. This procedures made it difficult to measure several samples at the same time and the running cost of the method was high. On the other hand, in the TLC method, it took about 20 and 60 min for the procedures of TLC development and the recording the color development, respectively. However, any handling was not required during these procedures, and it was also possible to measure more than 10 samples at the same time. Moreover, the L-ascorbic acid concentration range of the TLC method was one order wider than the colorimeteic method, and the running cost of the TLC method was much lower than that for the colorimetric method. It can be concluded that the proposed method allowes for economically determining the L-ascorbic acid concentration in beverages without the need for any special apparatus. Thus, this method should be a convenient and useful tool for the determination of the concentration of ascobic acids in beverages. In addition, because many antoxidants were detectable by this system (Table 1) , this method may also be applicable for the determination of antioxidants, such as catechins and vitamin E.
